The newly observed isomer and ground-state band in the odd-Z neutron-rich rare-earth nucleus 163 Eu are investigated by using the cranked shell model (CSM) with pairing treated by the particlenumber conserving (PNC) method. This is the first time detailed theoretical investigations are performed of the observed 964(1) keV isomer and ground-state rotational band in 163 Eu. The experimental data are reproduced very well by the theoretical results. The configuration of the 964(1) keV isomer is assigned as the three-particle state low-lying multi-particle states are predicted in 163 Eu. Due to its significant effect on the nuclear mean field, the high-order ε 6 deformation plays an important role in the energy and configuration assignment of the multi-particle states. Compared to its neighboring even-even nuclei 162 Sm and 164 Gd, there is a 10% ∼ 15% increase of J (1) of the one-particle ground-state band in 163 Eu. This is explained by the pairing reduction due to the blocking of the nucleon on the proton π [nucl-th]
I. INTRODUCTION
a η a η pairing correlations, where q 2 (ξ) = 16π/5 ξ|r 2 Y 20 |ξ is the diagonal element of the stretched quadrupole operator.
In the PNC method, the cranked shell model Hamiltonian H CSM is diagonalized in the cranked many-particle configuration (CMPC) space without particle quasi-particle transformation. Thus the particle-number is conserved and the Pauli blocking effect is taken into account exactly. The CMPC space is a Fock space. Therefore, the Hamiltonian H CSM can be diagonalized in a comparatively small space to obtain sufficiently accurate solutions of the ground and low-lying states.
The eigenstate of H CSM is |ψ = i C i |i , with the configuration |i defined by the occupation of the cranked single-particle orbitals by the real particles. The solution |ψ can always be obtained even for a pair-broken state, and provides a reliable way of assigning Refs. [18] [19] [20] . The cranked proton single particle level structure near the Fermi surface of 163 Eu is very similar to the neighboring even-even nuclei [21] , and is presented in Fig. 1 . The signature α = +1/2(−1/2) levels are denoted by solid (dashed) lines. Results with and without highorder deformation ε 6 are compared at rotational frequency ω = 0. A deformed energy gap at Z = 62 arises in calculations with non-zero ε 6 , which leads to a significant effect on the energy and configuration assignment of the multi-particle states, especially for the newly discovered 964(1) keV isomer. This will be discussed in detail later. In addition, compared to the results with zero ε 6 , the deformed energy gap at Z = 60 is reduced and the one at Z = 68 enlarged. Our results in Fig. 1 show that the inclusion of the ε 6 deformation can change the order of some single particle levels, resulting in appearance of new sub-shell gaps. To reflect the shell changes in the exotic mass region, an early attempt was made by empirically adjusting the Nilsson parameters from their standard values, see for example Refs. [20, 22, 23] .
The configuration of each multi-particle state is explicitly assigned through the occupation (see Fig. 1 ).
In general, compared to the calculations with zero ε 6 , the state energies are higher in the non-zero ε 6 calculations for most of the three-particle states (see Table. I). Normally, the calculations with more degrees of freedom give lower energy. In the present calculations, with non-zero ε 6 , the ground-state is lower in energy by about 5 MeV for protons and 15 MeV for neutrons. The eigen-energies of the excited states are lower as well. The higher energies of the multi-particle states in non-zero ε 6 calculations are mainly caused by the enlarged proton Z = 62 and neutron N = 102 deformed energy gaps when the ε 6 deformation is included.
Several investigations have already given evidence that the high-order ε 6 deformation is important for the structure of the neutron-rich rare-earth nuclei [5, 8, 21] . 
IV. SUMMARY
The recently observed isomer and ground-state band in odd-Z neutron-rich rare-earth nucleus 163 Eu are investigated by using the cranked shell model, with pairing treated by a particle-number conserving method. The experimental energy of the isomer and the kinematic moment of inertia J (1) of the ground-state band are reproduced very well by the theoretical calculations. This is the first time a detailed spectroscopical investigation of the observed 964(1) keV isomer and ground-state of 163 Eu is performed theoretically. To investigate the pairing and Pauli blocking effects, the rotational bands in the neighboring even-even nuclei 162 Sm and 164 Gd were calculated as well.
The configuration of the isomer is assigned as the two-neutron excitation of K π = 4 − (ν
